Introduction
Ligand designs that can predispose proximate metal binding sites and organise secondary, peripheral interactions are important for the control of chemical structure and reactivity. 1, 2, 3, 4 In particular, metalcatalysed chemical transformations of small molecules such as O 2 , H 2 O, CO 2 , H 2 , and N 2 , that are intrinsic to both natural and technologically significant processes, rely upon pre-organised reaction centres that can manage substrate and intermediate binding and efficient electron and proton transfers through coordinative and supramolecular bonding interactions. 2, 5 The development of simple ligand constructs, often inspired by fundamental features of more complex metalloenzymes has led to a plethora of elegantly designed ligands that tailor the metal reaction environment, such as through the generation of deep cavities, 6 second metal binding sites, 4, 7, 8, 9 and/or acid/base or redox appendages, 1, 10, 11 Highly specialised ligands such as picket-fence, 12 crown, 13 Pacman, 7 and Hangman porphyrins, 10 have been developed to introduce axially positioned metal binding sites or acid-base appendages and provide correlation with the proton and electron delivery pathways found in metalloenzymes that carry out these important transformations. 9 Unfortunately, the multi-step synthetic routes towards many of these ligands can be inefficient and time-consuming, so limiting their technological applicability.
We have shown previously that Schiff-base pyrrole macrocycles H 4 L that contain two N 4 -pyrrole-imine donor sets separated by two o-aryl hinges can be prepared in three, high yielding steps without the need for high dilution techniques; 14, 15 Sessler and co-workers prepared the same macrocycles independently. 16 Importantly, these macrocycles fold on metallation to form well-defined Pacman-like cleft microenvironments that are structurally similar to cofacial diporphyrins. Using these ligands, we have been able to access a myriad of dand f-block redox chemistry, including catalytic oxygen reduction by cobalt complexes. 14, 17, 18 However, our efforts to prepare mononuclear transition metal complexes to assess the potential of the proximal and vacant N 4 donor set was thwarted by an allosteric preference for bimetallic complex formation. Even so, mononuclear macrocyclic uranyl complexes were prepared, were found to adopt Pacman structures, and show unprecedented oxo group reactivity on manipulation of the vacant N 4 -donor compartment. 19 Furthermore, mononuclear tin and binuclear tin/iron and tin/zinc complexes were also accessible; presumably, the axial ligands at the metal inhibit the complexation of the second metal. 20 In order to promote monometallic complex formation while still accessing secondary sphere control through hydrogen bonding or second, disparate metal coordination, we have developed new ditopic Schiff-base pyrrole macrocycles that incorporate N 4 -and O 5 or ONO donor sets; one ligand (H 2 L P ) and its Co complexes were communicated previously. 21 In this paper, we report on the full synthetic approaches to five variants of these ligands and a variety of complexes of metals across the Periodic Table, and show how the presence of ditopic sites in this compartmental macrocycle predispose its complexes towards interactions with water guest molecules.
Results and Discussion

Macrocycle syntheses and structures
The reactions between 2-nitrophenol and either polyether or nitrogen aryl dichlorides in the presence of excess potassium carbonate in DMF at 120 °C resulted in the formation of the respective acyclic dinitro compounds (Scheme 1). The reduction of these latter compounds with H 2 in the presence of catalytic amounts of Pd/C resulted in the formation of the corresponding amines in moderate overall yield after workup (ca. 45 %). The 1 H NMR spectra of the acyclic diamines showed the appearance of a resonance corresponding to NH 2 group at ca. 3.9 ppm, with the IR spectra showing the disappearance of the NO 2 absorbances at around 1610 and 1340 cm -1 and the appearance of the NH stretch at approximately 3400 cm -1 . NMe suitable for single crystal X-ray diffraction was grown by hexane diffusion into a THF solution and the solid state structure was determined ( Figure 1 ). Two crystallographically independent molecules were found in the asymmetric unit, and, due to their similarity, only one will be discussed. In the solid state, the macrocycle adopts a shallow-bowl conformation with the meso-fluorenyl group twisted out of the macrocyclic plane (N 4 -plane -fluorenyl angle 69.36 °). A water molecule is found hydrogen bonded to one half of the macrocycle, with the macrocycle displaying both hydrogen bond donor and acceptor properties through five different donor/acceptor groups present (O301-donor distances: -N101 2.914, -O102 3.046, -N105 2.863 Å, O301-acceptor distances: -N102 2.847 and -C108 3.610 Å); the hydrogen atoms for O301
were not located in the difference Fourier map. Similar interactions between the pyrrole NH donors and imine N acceptors in H 4 L and solvent of crystallisation were seen previously, 22, 23 and an analogous weak interaction between the fluorenyl substituent (C108) and the metal-bound hydroxide was seen in a related binuclear cobalt complex of the symmetric macrocycle (C fluorenyl -O 3.386 Å) and could play a role in any future catalytic chemistry. 17 The second pyrrolic nitrogen (N103) is not involved in any further bonding. All the bond one of two molecules in the asymmetric unit is shown, and hydrogen atoms except those involved in hydrogen-bonding interactions are omitted (displacement ellipsoids are drawn at 50% probability).
Metal complexes of heteroditopic macrocycles
Potassium and magnesium complexes
In order to facilitate salt elimination reactions, the red di-potassium salts K 2 (L P 
Titanium, vanadium, and chromium complexes
Salt elimination reactions between in-situ generated K 2 (L P/NMe ) and TiCl 3 (THF) 3 
2.232(2) Å)
. 33 The chloride is bound exo to the cleft at a Ti1-Cl1 distance of 2.3843(11) Å, which is a standard nitrogen/oxygen-bound-Ti(III)-Cl distance (2.324(2)-2.415(2) Å). 34 There is also a weak hydrogen-bonding interaction between the chloride and one of the aryl backbones of an adjacent molecule, with a C34···Cl1 distance of 3.616 Å. This hydrogen-bonding interaction is also indicated by the bending of O3 towards the backbone, resulting in a Cl-Cr1-O3 angle of 171.15 °.
Cobalt complexes
Reaction of in-situ generated K 2 (Lf ) suitable for X-ray diffraction were grown from an air-saturated toluene solution of Co(Lf P ) ( Figure 5 ). Unfortunately, due to poor quality of the data leading to a high R factor of 12.9 %, an in-depth discussion of the structure is not possible. The complex displays a Pacman structure in which Co1 adopts a distorted octahedral geometry. Comparison to the crystal structure of the related complex
suggests that the axial ligands are water and hydroxide, with the water O6 within the cleft and the hydroxide O7 outside the cleft. 21 Due to the presence of the fluorenyl substituent and its weak interaction as a hydrogen bond donor to the in-cleft water molecule, the arene hinges and polyether backbone are heavily twisted, with only O5 hydrogen bonded to the water within the cleft. This allows a linear chain of hydrogen bonds to build up between adjacent molecules. In particular, the exogenous hydroxide is hydrogen bonded to a second water molecule (O7···O100 2.475 Å), which is in turn hydrogen bonded to the endogenous water of an adjacent Pacman complex (O100···O6' 2.677 Å), so creating a Co-Pacman "water wire" and not a six-membered hydrogen-bonded wheel as seen in the structure of Co(OH 2 )(OH)(L P ). Å) 43 and amine macrocycles (2.171 and 2.282 Å). 44 The hydrogen atoms on O3 were located from the difference Fourier map and are oriented towards the amine nitrogen N5 (O3…N5 2.862 Å) and a pyrrole group of an adjacent molecule (O3…C3' 3.442 Å). Short interactions are also seen between O3 and the ethereal oxygen atoms O1 (O3…O1 3.173 Å) and O2 (O3…O2 3.125 Å), and the fluorenyl substituent is oriented such that it acts as a hydrogen bond donor to O3 (O3…C39 3.561 Å). As such, the molecule of water sits in a hydrogen bonded cavity made up from the peripheral substituents of the macrocyclic ligand.
The X-ray crystal structure of Co(L NMes ) was determined, and the structure was found to be similar to its Pd face-to-edge -stacking interaction between an arene hinge and a pyrrole unit is also observed for these two complexes (C arene -centroid py 3.361 and 3.336 Å). 
Experimental
All manipulations involving transition metals were carried out using standard Schlenk line or glovebox techniques under an atmosphere of dinitrogen unless stated otherwise. Dry solvents (THF, toluene, CH 2 Cl 2 , hexane, and MeOH) were purified by passage through Vacuum Atmospheres or MBraun solvent drying towers and stored over activated 4 Å molecular sieves. Deuterated solvents were dried (C 6 D 6 and C 5 D 5 N over potassium, CDCl 3 was stirred over activated alumina), trap-to-trap vacuum distilled, and freeze-pump-thaw degassed three times prior to use. Syntheses of VCl 3 (THF) 3 and TiCl 3 (THF) 3 , 51 5,5'-diformyldiethyl-2,2'dipyrromethane 2a and 9,9-Bis(5-formylpyrrole-2-yl)fluorene 2b, 23 2,2'-dichloro-N-methyldiethylamine, 52 and tetraethyleneglycolbis(o-nitrophenylether), 53 were carried out as described in the literature. Pyrrole was distilled under reduced pressure prior to use, and all other chemicals were used as purchased. were recorded using a Thermo LCQ instrument, EI mass spectra and high resolution mass spectra were recorded using a Mat 900 XP instrument. Elemental analyses were carried out at by Mr Stephen Boyer at London Metropolitan University. IR data were collected on a Jasco FT/IR 410 spectrometer.
X-ray crystallography
Single-crystal X-ray diffraction data were collected on one of five machines: At 100 K using an Oxford The structures were solved using the WINGX suite of programs by direct methods and refined using fullmatrix least square refinement on |F 2 | using SHELXL-97. 54 Unless otherwise stated, all non-hydrogen atoms were refined with anisotropic displacement parameters while hydrogen atoms were placed at calculated positions and included as part of a riding model. When stated, if modelling of disordered solvent was unsuccessful the SQUEEZE routine of PLATON was used.
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Macrocycle syntheses
All of the new, heteroditopic macrocycles were prepared in a manner similar to that described below for H 2 L P using degassed, but not dried solvents unless stated otherwise. Hz, 2H, pyrrole), 3.44-3.14 (m, 14H, OCH 2 ), 2.77 (t, J = 9. Crystallographic issues: Attempts to model a disordered benzene molecule were unsuccessful and led to a diverging solution, so these atoms were refined using isotropic approximation restraints.
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Conclusions
In 
